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ANTI-HYPERTENSIVE MOLECULES AND PROCESS FOR PREPARATION 
THEREOF 

Fi^d of the invention 

The present iuvention relates to novel anli-hypertensive molecules. The presoit 
invention also provides a process for the preparatic)n of novel antihypertensive molecules. 
The present invention particularly relates to the preparation of novel Angiot«asin Converting 
Enzyme Inhibitors (ACEI) with prolonged activity. ACE inhibitors play an important role in 
Renin-Angiotensin-Aldosteron system (RAAS) by inhibiting the activity of Angiotensin 
Converting Enzyme (ACE) and therefore are used to regulate blood pressure. ACE inhibitors 
synthesized by the process of present invention have a peptide moiety and nonpeptide moiety. 
ACE inhibitors, synthesized by this present invention, show enhanced bioavailability and 
fewer side effects. 
Background of the invention 

Hypertension has assumed the form of a grave problem all over the worid. In US 23% 
people are suffering from hjrpertension. Over thr^ quarters of women aged 75 or over and 
64% of men aged 75 or over have hypertension. (Health, United States, 2002, Table 68). 
Annually, hypertension cause 23,761 deaths and thcxe are 8.6 deaths per 100.000 population 
in 2000 (National Vital Statistics Report, Vol 50, Nc .15), 

In India, it has been estimated that 10-20% ]}eople suffer from hypertension and with 
increasing urbanization, problem is compoimding. liven in India, According to analysis, the 
prevalence of Hypertension among adults in India is 1 1%. There is in<^asing trend in the 
prevalence of hypertension especially of systohc level. The incidence is more in urban than in 
rural population. Prevalence is slightly more in woraen (Gupta, 1997). Cardiovascular deaths 
m India are estimated to be 2.5 million per year and by 2020 it will be the leading cause of 
death (Enas et al, 1996). This provides window » our future as we urbanize and adopt 
unhealthy life styles. 

Angiotensin Converting Enzyme: Its Physiology 

In the development of blood pressure Renin Angiotensin Aidosteron System (RAAS) 
plays a major role (Petrillo et al, 1982). It inteiacts with Kallikrein-Kmin-Prostaglandin 
System (KKP) to regulate blood pressure. ACE, aii it is well known, plays a pivotal role in 
both the system and helps in keepmg homeostasis m blood pressure. The key components of 
RAAS include Renin, Angiotensinogen, Angioteasin Converting Enzyme, Angiotraisin-I, 
Angiotensin-II & Aldosterone. 
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Increased ACE activity has also been linked to the hypertrophy of endothelial cells in 
vasculature by decreasing apoptosis. It causes the naxrowing of hunen of vessels, which 
results in increased blood pressure. High ACE activity also contributes to oxidative stress. 

Kallikrein-Kinin-Prostaglandin is an altemiitive blood controlling system (fig 1) 
which is influenced by ACE. Kallikrein is a serine protease glycoprotein synsthesised in 
liver. It acts upon kininogens producing Bradykiniiu Bradykinin synthesizes prostaglandins 
and nitric o?dde (NO) that cause the relaxation of scnooth muscles leading to a decrease in 
blood pressure. Angiotensin converting enzyme d6;;rades Bradykinin thus augmenting the 
blood pressure (Bhoola et al, 1999). 

Interaction of Substrate of Angiotensin Converting Enzyme with Its Active Site 

Angiotensin converting enzyme (ACE) pLiys an important role in both above- 
mentioned systems. 

Angiotensin converting enzyme (MW 150-180 KD) is a membrane bound 
glycoprotein (Ehlers et al> 1989). It has two homologous domains: N-domain and C-domain. 
It is a Zn metalloprotease (Ehlers et al, 1989) and removes a dipeptidc (His-I-eu) jfrom C- 
terrainal of Ang-I (fig. 2) and converting it to Ang-D^ which is a pot^t vaso-constrictor. The 
active site of ACE has subsites Si, Si'and S^'. The substrate of ACE, Angiotensin-I, makes 
hydrophobic interaction with subsites Si, Si', S2'. While Zn*^ & its coordinated-water 
molecule are present in a fourth subsite. The substrate gets oriented in such a way that it 
interacts with zinc-coordinated wat^ molecule as shown in the figure 2. The glutamate 
polarizes and activates water molecule to hydrolyze Angiotensin-I into Angiotensin-II and a 
dipeptide. Increased ACE activity leads to enhanced production of Ang- II and degradation of 
bradykinin leading to increased BP. 
Inhibition of ACE 

From above, it can be concluded that ACE tiy regulating blood pressure is the hub of 
RAAS and KKP. So it may be deduced that molecjles that can reduce ACE activity can be 
used to counter hypertension because inhibition of ACE leads to two major effects: 

(1) Decrease in the conversion of angiotensin I tc) angiotensin II diminishes the effect of 
RAAS and thus relaxing the smooth nniscles aod reduce the production of aldosterone 
resulting in decrease of blood volume and blood pressure (Giudicelli et al, 1995). 

(2) Decrease in bradykinin degradation in KKP sys1«m. . Bradykmin, when interacts with B2 
receptors at endothelial cells, causes the release of endothelium-derivcd relaxing fkaors like 
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nitric oxide (NO) and prostaglamlin-prostacyclin which cause relaxation of smooth muscles 
leading to a decrease in BP (GiudiceUi et al, 1995). 
y^w A&Dccts flf Inhibition of ACE 

Recent rq)orts suggest that advantages of AC'E inhibition go beyond its conventional 
roles because ACEIs 

(1) Decrease in hypertrophy that may decline the chances of atherosclerosis (Chobanian et 

al, 1990). 

(2) Decrease in oxidative stress by reducing the fonnation of superoxide anions(Munzel and 
Keaney, 2001) 

(3) Decrease in tissue factor activity that can prevent the development of atheroaclerosis 
(Napoleone et al. 2000), 

(4) Decrease in ACE activity can increase the level of Ac-SDKP and it can be used as anti 
cancer therapy (Azizi et al, 1996), 

In view of the above-mentioned roles of AC E ijahibitors in various disorders, several 
groups of researchers are engaged in developing drug targets as angiotensin converting 
enzyme inhibitors. 

Current Status of Hypertension Therapies: 
Angiotensin Converting Enzyme bhibitcrs (ACEIs) 

Several vasodilating agents have been syntiiesized in treatment of congestive heart 
failure and hypertension. Nitrates like isosorbide mononitrate and glyceryl trinitrates are used 
to counter hypertension (Winbury and Cabel, 1967) but they have a short duration of action 
(Cohn, Johnson and Ziesche et al, 1991). A diuretic like thia;dde increases the excretion of 
water and along with it sodium. A decrease in sodium leads to hypovolmnia resulting in 
decreased BP. One of the main shortcoming of diui^etics is hypokalemia (Brater» 1998). Ca^ 
plays an important role in muscle contraction. Ca*^ c^hannel blockers inhibit influx of Ca'*' and 
do not let the blood pressure rise (Weincr, 1994), Side effects of headache, dizziness and 
flushing aloag with peripheral edema are most proDiinent with Ca channel blockers (Psaty et 
al, 1995), p-blockers are also among the front line therapy for hypertension. They block the 
sympathic beta-receptors, which prevent sympathic stimulation of heart rate and cardiac 
metabolism. Side effects of Beta-blockers are ligbt-headedness, postural hypotension, cold 
extremities, gastric upset with heartburn, diarrhea and impotmce (Quyyumi et al, 1984). 

Renin-AngiotensinrAldosteron System plays the pivotal in development of 
hypertensioa The main acting agent of this :}ystem is Ang 11, which is a potent 
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vasoconstrictor. There are two main strategies that do not let the Aug U dicit its 
vasoconstrictive effects. First is ATI receptor antagonist, which do not let Ang n bind to its 
ATI receptors (Goodfriend et al, 1996). Second theiapy dealing with RAAS is Angiot»sin 
Converting Enzyme Inhibitors. These inhibitors conqpetitively bind to the active site of 
ACE and do not let natural substrates (Ang I &Bradykinin) bind to the active site. Captoprils, 
Enalpril are main ACE inhibitor. 

ACEIs are the most inqsortant among the drugs controlling hypertensioa All the 
drugs currently available in the market have a moie or less similar mode of action. These 
drugs inhibit the activity of ACE as depicted in the fig. 1 that leads to decreased formation of 
Ang II reducing BP. 

The main drugs currently available in the roarfcet are captopiil, enalpril, fosinopril, 
ramipril and lisinopril. 

Captopril is a derivative of proline and D-2-Methyle-3-mercaptopropionic acid whose 
SH group efficiently interacts with Zn in active site and replaces the water molecule. 
(Cushman and Ondetti, 1991). 

Enalpril has proline and alanine derived moiety whose COO' group interacts with Zn 
in active site. It is a prodrug that is convmed by esterase activity in liver to more active 
enalprilate (Patchett et al, 1980). 

Fosinopril is a derivative of proline and acetic acid derivative with phosphate group 
that interacts with Zn. Its absorption is rapid. By esterase activity it is converted to 
fosinoprilate (Singhvi et al, 1988). 

Ramipril is a carbo^cylated dipq>tide inhibitor prodrug. In body it is converted imo 
diacid romiprilate (Vasment and Bender, 1989). 
Limitations of Current ACE Inhibitors 

(1) Since most of the ACE inhibitors, synthesized so fer, are peptide based. Their peptide 
nature makes them susceptible to proteolytic degradation and the body excretes thent Due to 
this reason, ACE inhibitors show less bioavailability and therefore repeated and larger doses 
are needed to have the desired effects (Gavras and (javras, 1980). 

(2) Sometimes ACE mhibitors lead to accumulation of bradykinin in air passages resuhing in 
bronchospasm and dry-cough (Israili and Hall, 1992). 

(3) ACE inhibitor therapy is some times associated with angioedema in which watery fluid is 
collected under skin, mucous membrane or subcutaneous tissue that sometimes erupt to form 
boils on skin (Israili and Hall 1992). 
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(4) The ACE inhibitors, due to presence of different functional groups, cause rashes, skixi 
irritation, neutropenia and taste alteration (DiBianco, 1986). 

(5) Most of the ACE inhibitors cause hypotensioia. The frequency of hypotension is higher in 
case of diuretic intake (Hodsman et al, 1983). 

(6) They also cause a decline in renal function. During ACE inhibition efiforent arteriolar 
resistance decreases and glomerular filtration declines (Hricik et al, 1983). 

(7) ACE inhibitors also cause hyperkalemia because aldosterone is inhibited (Warren and 
O'Connor, 1980). 

Peptidomimics: A New Approach 

The side effects of these inhibitors have resulted in renewed efforts in modifying the 
available drugs or developing new drugs witli minimum side effects and loiiger 
bioavailability. Despite the significant efforts to develop ACE inhibitors devoid of the above 
said side effects^ progress has been disappointed. Moreover currently available AOEIs are 
peptide-based compoimds which are proteolysed by various proteases and exerted by body. 

However to the best of our knowledge, no attetspt has been made to modify the 
peptidic nature of these inhibitors in order to inhibit the proteolytic cleavage by various 
proteases to enhance the longevity as well as their better interaction in the active site. A new 
emerging concept in the form of peptidomimics seems to be the right answer to this problem 
(BeeUy, 1994). 

Pqpttdonumics are synthesized by combining peptidic moiety to nonpq)tidic moiety. 
The nonpeptide moieties used include unusual amino acids, some non-toxic» pharmacophoric 
heterocyclics and diphenyls. These peptidominucs cm be used as ACE inhibitor because they 
can be resistant to proteolysis and have good interaction with active site. 
Objects of the Invention 

The main objective of the present invention is to provide a process for the preparation 
of novel antihypertensive molecules. 

Another objective is to provide a process for the preparation of peptidomimica that 
can act as ACE inhibitors. 

Still another objective is to provide novel antihypertensive ACE inhibiting 
peptidomimic molecules that have better bioavailability in comparison to an^able inhibitors. 

Another objective is to provide a process to prepare ACE inhibitors that can bind to 
the active site of ACE by hydrophobic and hy drophilic interaction which can be achieved by 
proper selection of amino acids 
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Still another objective is to provide a process for the synthesis of ACE inhibitors thai 
can strongly ligate with the Zn present in the active site in sruch a way that it can not con^ete 
with and carry ont the hydrolysis of substrate. 

Another objective is to provide a process to synthesize ACE inhibitors having 
nonpeptide moiety or unusual amino acids (pharmacophoric group) that can make a 
nonpeptide bond resistant against proteolysis. 

Another objective is to provide ACE inhibitors that can show selective inhibition of 
the two active sites i.e. N-domain &C-domain active site of the ACE. 

Yet another objective is to provide a process to make a Focussed library of 
peptidomimics by using Combinatorial Chemistry. 
Summary of the inventioD: 

Accordingly the present invention provides a process for the preparation of novel 
antihypertensive molecules which comprise 

(a) Designing of novel ACE inhibiting antihypertensive molecules designated as 
peptidomimimcs compoimd wherein the heterocyclic or unusual amino acid, present at 
antepenultimate position, is coupled to a dipeptide with amino acids present at ultimate 
position and penultimate position. 

(a) synthesis of dipeptide on solid support by known methods of coupling and 
d^rotection. 

(b) coupling of heterocyclic or umisual amino acid to deprotected dipeptide at the N-a 
terminal of dipeptide. 

(c) cleaving of the synthesized peptidomimic compound of step (c) from solid support by 
known methods followed by purification and characterization by known methods. 

(d) in-vitro evaluation of synthesized peptidomimics for ACE inhibiting potency by using 
synthetic substrate. 

(e) in-vivo evaluation of synthesized peptidonnmics for its ACE inhibiting efficacy in 
animal models of hypertension. 

In an embodiment to the invention, the syntliesis of focussed library of peptidomimics 
as ACE inhibiting antihypertensive molecule is done by combinatorial chemistry. 

In another embodiment of the presmt invention novel peptide derivatives are 
synthesized having general formula X-CONH-AAi-CONH-AAa and X-CHi-NH-AAi- 
CONH-AAa wherein CO-NH (amide bond) has been reduced to CH2NH and X is a 
heterocyclic or iimmifl^ amino acid. AAl and AA2 ;ire amino acids. 
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In yet another embodiment of the present invention heterocyclic are selected from 3- 
(2-furyl)-L-alamiie, 3- (3-thienyl)-L-alamixe, 4-pipera2jjie-l-yl-acetic acid hydrate, 3,3- 
diphenyl-L-alanine, Azetidine-3-carboxylic acid, Benzimidazolepropionic acid, 1,2,3,4 
tetrahdroquiiiolitte-3-carboxylic acid, 2-oxo-4-phenyl-3-oxazolidine-acetic add, 5-Methoxy- 
2-methyi-3>indole acetic acid, 5-Mercapto-l-terazole acetic acid. 

In still another embodiment of the present invention imusual amino acids for portion 
X may be selected from a group conoprising Hydroxytryptophan, L-Ahrine, 
homoproline, p-HomoTrp -OH, Homophenylalanine L-p-homotryptophan, L-2-propargyl 
glycine, 3,3 Diphenylalanine, L-p-Homohydroxyproline, Cyclohexylalanine. 

In an embodiment of the present invention dipeptide, for position AA1-AA2, can be 
selected from Om-Pro, Cha-Pro, He-Pro, Dap-Pro, Val-Trp, Lys-Pro, Lys-Trp, QrB-Trp, Dap- 
Trp, Ile-Phc, p-Ala-Pro, Pro-Pro, Cha-Trp, 

In still another embodiment of the present invention dipeptide Om-Pro cm be 
incorporated to various hetrocyclic compound and unusual amino acids to produce L-Abrime- 
Om-Pro, 3- (3-thienyl)-L-alamne- Om-Pro, 3- (2-furyl>L-alawiie- Om-Pro, 2- 
Benzimidazoleacetic acid- Om-Pro, 5-Hydroxytrytophan- Ora-Pro, Homotryptophan- Om- 
Pro, HomophenyalaniDie- Om-Pro, 1,2,3,4-t^ahydro isoqiiinoline-3-caiboxylic acid- Om- 
Pro, Azetidine-3-carboxylic acid- Om-Pro, Cyclohexylalanine- Ora-Pro, 2-Oxo-4-phenyt3- 
oxa2:olidine acetic acid- Ora-Pro, 4 - piperazixie acetic acid- Ora-Pro 

In stUl another embodiment of the present invention dipeptide Cha-Pro can be coupled 
to various heterocyclic and imusual amino acids to produce L-Abrine- Cha-Pro, 3- (3- 
thienyl)-L-alamne- Cha-Pro, 3- (2-fuiyl)-L-alanine- Cha-Pro, 2-Benzimidazoleacetic acid- 
Cha-Pro, S-Hydroxytrytophan- Cha-Pro, Homotiyptophan- Cha-Pro, Homophenyalanine- 
Cha-Pro, 1,2,3,4-tetrahydro isoquinoline-3-carboxylic acid- Cha-Pro, AMtidine-3-caiboxylic 
acid-Cha-Pro, Cyclohexylalanine- Cha-Pro, 2-Oxo-4-phenyl-3-oxazolidine acetic acid- Cha- 
Pro, 4 - piperazine acetic acid- Cha-Pro. 

In still another embodiment of the present ir^vention dipeptide He-Pro can be coupled 
to various heterocyclic and imusual amino acids to jiroduce L-Abrine- lie-Pro, 3- (3-thienyl)- 
L-alanine- lie-Pro, 3- (2-ftiryl)-I^alanine- He-Pro, 2-Ben2iniidazoieacetic acid- . Ile-Pro, 5- 
Hydroxytrytophan- lie-Pro, Homotryptophan- lie-Pro Homophenyalanine- He-Pro, 1,2,3,4- 
tetrahydro isoquinoline-S-carboxylic acid- He-Pro, Azetidino-3-carbo«yUc add- He-Pro, 
Cyclohexylalanine- lie-Pro, 2-Oxo-4-phenyl-3-oxa2olidhie acetic acid- He-Pro, 4 - 
pqperazine acetic acid- He-Pro. 
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In still anothea: embodiment of the present invention dipeptide Dap-Pro can be 
coupled to various heterocyclic and unusual amino acids to produce L-Abrine- Dap-Pro, 3- 
(3-thienyl)-L-alaiune- Dap-Pro, 3- (2-fiiryl)-L-alanin<^ Dap-Pro, 2-Ben^midazoleac6tic acid- 
Dap-Pro, 5-Hydroxytrytophan- Dap-Pro. Ifomotryptophao- Dap-Pro, Homophenyalanine- 
Dap-Pro, 1,2,3,4-tetrahydro isoquinoliiie-3-caibo>{ylic acid- Dap-Pro, Azetidiue-S-carboxylic 
acid- Dap-Pro, Gyclohexylalanine^ Dap-Pro, 2-Oxo-4-'phenyl-3-oxazolidine acetic acid- Dap- 
Pro, 4 - piperazine acetic acid- Dap-Pro: 

In still another embodiment of the present invention dipeptide Val-Trp can be coupled 
to various heterocyclic and unusual amino acids to produce L-Abrine- Val-Trp, 3- (3- 
thienyl)-L-alanine- Val-Trp, 3- (2-furyl)-L-alanine Val-Trp, 2-Benzimidazoleacetic acid- 
Val-trp, 5-Hydroxytrytophan- Val-Trp, Homotiyptophan- Val-Trp, Homophenyalanine- Val- 
Trp, 1,2,3,4-tetrahydro isoquinoline-S-carboxylic acid- Val-Trp, Azetidine-3-carbo?iyUc add- 
Val-Trp, Cyclohexylalanine- Val-Trp, 2-OjaHl-phenyl-3-oxazoUdine acetic acid- Val-Tip, 4 
- piperazine acetic acid- Val-Trp. 

In still another embodiment of die present invention dipeptide Lys-Pro can be coupled 
to various heterocyclic and unusual amino acids to produce L-Abrine- Lys-Pro, 3- (3- 
thienyl)-L-alamne- Lys-Pro, 3- (2-furyl)-L-alanine- Lys-Pro, 2-Benzimidazoleacetic acid* 
Lys-Pro, 5-Hydroxytrytophan- Lys-Pro, Homotryptophan- Lys-Pro, Homophenyalanine- 
Lys-Pro, 1,2,3,4-tetrahydro isoquinoline-3-carboxylic acid- Lys-Pro, Azetidine-3-carboxyUc 
acid- Lys-Pro, Cyclohexylalanine- Lys-Pro, 2-Oxo-4-phenyl-3-oxazolidine acetic acid- Lys- 
Pro, 4 - piperazine acetic acid- Lys-Pro, 

In still another embodiment of the present in^/ention dipeptide Lys-Trp can be coupled 
to various heterocyclic and unusual amino acids to produce L-Abrine- Lys-Trp, 3- (3- 
thienyl)-L-alanine- Lys-Trp, 3- (2-fUryl)-L-alanine- Lys-Trp, 2-Benzimidazoleacetic acid- 
Lys-Trp, 5-Hydroxytrytophan- Lys-Trp, Homotryptophan- Lys-Trp, Homophenyalanine- 
Lys-Trp, 1,2,3,4-tetrahydro isoquinoline-3-carboxylic acid- Lys-Trp, Azetidine-3-carboxylic 
acid- Lys-Trp, Cyclohexylalanine- Lys-Trp, 2-Oxo-4-phenyl-3-oxazolidine acetic add- Lys- 
Trp, 4 - piperazine acetic acid- Lys-Trp. 

In still another embodiment of the present invention dipeptide Om-Trp can be coupled 
to various heterocyclic and unusual anuno acids to produce L-Abrine- Ora-Trp, 3- (3- 
thienyi)-L-alanine- Om-Trp, 3- (2-furyl)-L-alanino- Qm-Trp, 2-Benzimidazoleacetic acid- 
Om-Trp, S-Hydroxytrytophan- Om-Trp, Homotryptophan- Om-Trp, Homophenyalanine- 
Om-Trp, 1,2,3,4-telrahydro isoquinoline-3-carboxylic acid- Om-Trp, Azetidine-3-carbajqrlic 
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acid- Om-Trp, Cyclohexylalanine- Om-Trp, 2-Oxo-4-phaayl-3-oxazoUdme acetic acid- Om- 
Trp, 4 - piperazine acetic acid- Om-Trp. 

In still another embodiment of the present invention dipeptide Dap-Trp can be 
coupled to. various heterocyclic and unusual amino acids to produce L-Abrine- Dap-Trp, 3- 
(3-thienyl)-L-alanine- Dap-Trp, 3- (2«furyl)-L-alanitte- Dap-Trp, Z-Benzimidazoleacetic acid- 
Dap-Trp, 5-Hydroxytrytophan- Dap-Trp, Homotry]>tophan- Dap-Trp, Homophenyalanine- 
Dap-Tip, 1,2,3,4-tetrahydro isoquinoline-S-carboxylic acid- Dap-Trp, Azetidine-3-caibc«ylic 
add- Dap-Trp, Cyclohexylalanine- Dap-Trp, l-Oxo-'l-phenyl-S-oxazolidine acetic acid- Dap- 
Trp, 4 - piperazine acetic acid- Dap-Tip. 

In still another embodiment of the present invention dipeptide De-Phe can be coupled 
to various heterocyclic and unusual amino acids to produce L-Abrinc- Ile-Phe, 3- (3-thienyl)- 
L-alanine- Ile-Phe, 3- (2-£uryl)-L-alanine- Ile-Phe, 2-Benzimidazoleacetic acid- Ile-Phe, 5- 
Hydroxytrytophan- Ue-Phe, Homotryptophan- Ile-Phe, Homophenyalanine- Ue-Phe, 1,2,3,4- 
tetrahydro isoquinoline-3-carboxylic acid- Ile-Phe, Azetidine-3-carboxylic acid- De-Phe, 
Cyclohexylalaniiie- Ile-Phe, 2-Oxo-4-phe0yl-3-oxazolidine acetic acid- Ile-Phe, 4 - 
piperazine acetic acid- Ile-Phe. 

In still another embodiment of the present invention dipeptide P-Ala-Pro can be 
coupled to various heterocyclic and unusual amino iicids to produce L-Abrine- P-Ala-Pro, 3- 
(3-thienyl)-L-alanine- P-Ala-Pro, 3- (2-furyl)-L-alanine- P-Ala-Pro, 2-Benzimidazoleacetic 
acid- p-Ala-Pro, 5-Hydroxytrytophan- P-Ala-Pro, Homotryptophan- p-Ala-Pro, 
Homophenyalanine- P-Ala-Pro, 1,2,3,4-tetrahydro iw)quinoline-3-carboxyUc acid- P-Ala-Pro, 
Azetidine-S-carboxylic acid- p-Ala-Pro, Cyclohexylalanine- p-Ala-Pro, 2-Oxo-4-phenyl-3- 
oxazolidine acetic acid- P-Ala-Pro, 4 - piperazine acetic acid- (i- Ala-Pro. 

In still another embodiment of the present ir vention dipeptide Pro-Pro can be coupled 
to various heterocyclic and unusual amino acids to {wroduce L-Abrine- Pro-Pro, 3- (3-thienyl)- 
L-alanine- Pro-Pro, 3- (2-furyl)-L-alanine- Pro-Pro, 2-Benzimidazoleacetic acid- Pro-Pro, 5- 
Hydroxytrytophan- Pro-Pro, Homotryptophan- Pro-Pro, Homophenyalanine- Pro-Pro, 
1,2,3,4-tetrahydro isoquinoline-3-carboxylic acid- Pro-Pro, Azetidine-3-carboxylic acid- Pro- 
Pro, Cyclohexylalanine- Pro-Pro, 2-Oxo-4-phenyl-3-oxazolidine acetic add- Pro-Pro, 4 - 
piperazine acetic acid- Pro-Pro. 

In still another embodiment of the present invention dipeptide Cha-Trp can be 
coupled to various heterocyclic and unusual amino acids to produce L-Abrine- Cha-Trp, 3- 
(3-thienyl)-L-alanine- Cha-Trp. 3- (2-furyl)-L-alanine- Cha-Trp, 2-Benzimidazoleacetic acid- 

9 



38/03/2004 21:35 91-11-29226005 



SN&A 



PAGE 11 



61NF2003 

Cha-Trp, 5-Hydroxytrytophanr Cha-Trp, Homotxyptophan- Cha-Trp, Homophenyalaxim^ 
Cha-Trp, 1,2,3,4-tetrahydro isoqumoline-S-carbo^q^lic acid- Cha-Trp, Azetidine-3-carboxylic 
acid- Cha-Trp, Cyclohexylalanine- Cha-Trp, 2-C)xo-4-phenyl-3-oxazolidiDe acetic add- Cha- 
Trp, 4 - piperazine acetic acid- Cha-Trp, 

In yet another embodiment of present invention all the reaction are carried out at room 
temperature in Dimethylformamide or Dichlorometbane 

In an embodiment of the present invention the solid support used are polystyrene 
resins linked with suitable agent/handles that may be acid labile like 4- 
hydroxymethylphenoxyacetic acid or hyper acid labile like 4-hydroxymethyl-3methoxy- 
phcnoxyacetic acid and 2-chlorotrityl-2-chloride linker. 

In another embodiment of the present invention the anchorit]^ of activated C-terminal 
of the N-a-protected amino acid on to the solid support is carried out by known methods such 
as symmetrical anhydrides or reactive ester formation method like 1-hydroxybenzotriazole, 
bexizotriazolyloxy-tridimethylamiiio-phosphonium-hexaflourophosphate and benzotriazole-1- 
yl-oxy-trispyiroUdino-phosphoniunm-hexaflourophosphate. 

In yet another embodiment of the present invention the deprotection of the N-ot- 
protected amino acid may be affected by known methods of removing flouro-methyl-oxy 
carbonyl group depending on the compatibility with the linking group on the solid support. 

In yet another embodiment the present invention the cleavage may be effected by 
known methods such.as by trofluroacetic acid, acetic acid and trifhiroethanol depending upon 
the linking agent/functional group attached on the solid support and the C terminal fonctionai 
group desired. 

In another embodiment the purification is carried out by gel permeation method using 
sephadex G/LH-20 followed by characterization u»big techniques of HPLC, MALDI-Tof and 
LC-MS. 

In still another embodiment in-vitro evaluation of synthesized peptidomimics for their 
ACE inhibiting potency is done by enzyme assay using synthetic substrate Hippuryl-Histidyl- 
Leucine (HHL). 

In yet another embodiment of the invention the concentration of the new 
peptidomimic conq>ounds for 50% inhibition of ACE activity (ICso) is in the range of 2 
Mmole to 10 pmole in in-vitro assay using synthetic substrate Hippuryl-Histidyl-Leucine 
(HHL). 
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In yet aDotber embodiment of the present invention in-vivo evaluation of synthesized 
peptidomimics for its ACE inhibitmg eflficagy is done in animal model of hypertension. 

In still another embodiment the dose of the synthesized ACE inhibiting peptidomimic 
compound which effectively blocked angiotensin converting enzyme is in the range of 5 to 8 
mg/kg of body weight. 

Brief description of the accompanying drawings 

Figure 1: Role of Angiotensin Converting Enzyme in RAAS and KKP 

Figure 2: Interaction of Ang I with the active site of angiotensin converting enzyme 

Figure 3: Proposed interactions of designed peptidomimics with the active site of 

Angiotensin - converting enzyme 
Figure 4: Lineweaveiburk plot for L-Abrine-OmithineN-Proline. IC50 of L-Abrin&*Qmifhine- 
Proline was found to be lO^M. 

Figure 5: Tail systolic pressure (TSP) in experimental and control group. Increments in TSP 
values for methylprednisolone induced e3q)erimental group was significantly difSmnt after 
I'* week (p<o.05) and 2"^ week (p<0.05). 

Figure 6: Variation in blood pressure measured during i v. administration of L^Abrine- 
Ornithine-Proline at doses of S mg/kg, 8 mg/kg and 10 mg/kg. Fall of blood pressure at all 
doses was significmt (p<0.05). 

Other and fiirther aspects, features, and advantages of the present invention will be 
apparent from the following description of the preferred embodiments of the invention given 
for the purpose of disclosure. Alternative embodiments of the invention can be envisaged by 
those skilled in the art. AU such alternative embodiments are intended to lie within the scope 
of this invention. 

Detailed description of the invention 
Synthesis of Peptidomimics 

For proper drug targeting there is need to synthesize the library of compounds i.e. 
Peptidomimics. These peptidomimics are being designed according to Structural Activity 
Relationship, synthesized by Combinatorial Chemistry and their inhibition is checked by In 
vitro studies. 

Dfe^ipning of Novel Peptidomimics 

Peptidomimic compounds that can act as ACE inhibitor preferably must have 
following features (fig.3); 
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(1) The peptidomimic compoiuxd should have aromatic, aliphatic amino acids like Phe, Tip, 
Tyr Pro (Cheuxxg et al 1980), 

(2) A negatively charged COO' group should be presc^nt at C-terminal, 

(3) Amino acids like He, Leu, Lys and Val are incorporated next to . the C-tenninal amino 
acid. 

(4) In peptidomimic compound the aromatic moifsties of currently existing ACEIs are 
replaced with suitable heterocyclics or unusual amino acids. 

The process of present invention thus results in the synthesis of di and 
tripeptidomimics consisting of various combinations of aromatic amino acids (Phe, Trp, Tyr 
and Pro) and aliphatic amino acids (He, Leu, Lys and Val). The residues chosen at C- 
tenninal will enhance hydrophobic interactions with subsites ST, S2\ The negatively 
charged COO" group of these amino acids at C-tenninal has hydrophobic interaction with 
positively charged Arg residue in the enzyme's active site. Hydrophobic side chains of 
aliphatic amino acids, next to the C-terminal amino acid, establish interaction with ACE 
hydrophobic subsite sr. A carbonyl of axoide bond of these amino acids forms H-bonds 
with hydrogen of ACE active site. In new peptidomimics, N-t^minal will be substituted with 
suitable hetrocyclic or unusual amino adds to enhance their bioavailability as well as their 
interaction with co-ordinated Zn and hydrophobic subsite Si present in enzyme's active site. 

Heterocyclic moieties are the molecules that have certain medicinally ftmctional 
groups known as 'pharmacophores'. These pharmacophores are supposed to be compatible 
with human system These molecules are also ejected to produce conformational constraints 
that help them to interact with active site m a better and effective way. 

The work as designed and described above involves synthesis of large number of 
peptidomimics. This can be best achieved by the combinatorial chemistry, which will be used 
in the present proposed work. 

{h\ Svnth<>«ifi of PcDtidomimics! Combinntoriftl Chemistry 

This concept takes its origin with the aim of synthesi;dng 96 diverse peptides 
simultaneously (Furk et al, 1991). In this method, in each reaction vessel, peptides with 
different sequences are synthesized preferably by solid phase peptide synthesis. This 
technique is of two types: 
(1) Muliipie SynAesis ofAOxiure qf Peptides 

This method involves the synthesis of mixture of large rmmbcr of peptides called as 
compound libraries of peptides. In this method, in each reaction vessel pq>tides with different 
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sequences are simuttaneously synthesized. This method, also called pool and split method, 
involves: 

(a) Dividing or splitting of resin into different parts. 

(b) Coupling of resin with amino acids. 

(c) Mixing of coupled parts of resin and adding new amino acids to generate miTCture of 
peptides. 

(2) Muh^le Syndesis oflndMdual Pqftides 

Multiple synthesis of individual peptides involves synthesis of large number of 
individual peptides (Beck-sickinger and Jung, 1996) One peptide sequence is synthesized in 
each reaction vessel. There is no splitting and mixing of reaction products like in previous 
case. This method requires coupling, washing and deprotecdon repeatedly. 
(c) Evaluation of Inhibition of Peptidomimics 

(1) /ft vitro Study of Peptidomtmic Inhibitors 

The Ubrary of peptidomimic compound was evaluated for their ACE inhibition 
potencies by determining the ACE activity by in-vitro enzyme assay using 
spectrophotometric method (Cheung et al,1980). In this assay ACE acts upon synthetic 
substrate Ifip-His-Leu. The following assay components in a final volume of 0.2S ml are 
incubated for 20 minutes at 37^C: 100 mM potassium phosphate buffer, pH 8.3, S mM I£p- 
His-Leu, 300 mM NaCl and angiotensin converting enzyme (12 miliunits/ml of assay 
volume). The rate of hydrolysis of Hip-His-Leu is determined by measuring the absoibance 
of hippuric acid after extracting into ethyl acetate, evaporation of solvent at 120 ^C and 
redissolution into water. Extracted hippuric acid is then measured by reading absorbance at 
228 nm. 

(2) In vivo Study of Peptidomimics as ACE Inhibitors 

Evaluation of ACE inhibition of synthesized peptidomimics is done in hypertensive 
rats, \yistar rats (female, 225-250 gm) were taken and hypertension was induced in these rats 
by adtnioistering the injection of Methylprednisolone per week for two weeks (Blijovich and 
Krakoff, 1980). After two weeks when rats become hypertensive, the efficacy of synthesized 
ACE inhibitors is checked in in-vtvo conditions by intra venous administration in 
pharmacologically accepted medium in doses ranging from 5 mg/ kg of body weight to 10 
mg/kg of body weight.. 

The following examples are given for the present invention and should be construed 
to limit the scope of the present invention. 
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Example 1 

Designing of ACE inhibitors 

(i) Unusual aixuno acids are coupled with dipeptide. For example for designing of 
Abtine-Omithine-Proline, Proline was taken at ultimate position. Ornithine was put at 
penultimate position and unusual amino acid L-Abrine, present at antepenultimate position, 
was linked to dipeptide Ornithine-Proline. 



LrAbrine 




Ornithine 










Proline 



Antepenultimate Penultimate Ultimate 

residue residue residue 

(ii) Heterocyclic compoimds are coupled with dipeptide. For example for designing of 3- (3- 
thienyO'L-alanine-Oniithiae-ProUne, Proline was taken at ultimate position. Ornithine was 
put at penultimate position and heterocyclic compound 3- (3-thienyl)-L-alanine, present at 
antepenultimate position, was linked to dipeptide Ornithine-Proline. 



3- <3-thienyl)-LraIanine 




Ornithine 




Proline 






Antepenultimate 
residue 


Penultimate 
residue 


Ultimate 
residue 



Example 2 

Synthesis of ACE inhibitor LrAbrine-Omithine-Proline 

(a) 2-Chlorotrityl chloride resin (substitution 1.5 mM/gm) is taken as solid support and 
swelled in dichlorometane (DCM) 

(b) C-terminal of N-a-protected Fmcc«Pro-OH at is coupled by reactive ester formation 
method of l-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) to the solid 
support of 2-Chlorotrityl chloride resia 

(c) Deprotection of N-a-tenninal protectixig Fmoc group of the anchored imino acid 
ProUne by 20% piperidine in dimethyl formamide (DMF). 

(d) C-terminal of N-a Fmoc protected Ornithine is activated and coupled by reactive ester 
formation method of 1-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) on to 
the deprotected a-imino group of the anchored imino acid Proline. 

(e) Deprotection of N-a-terminal protecting Fmoc group of Ornithine linked to anchored 
imino acid Proline by 20% piperidine in dimethyl formamide (DMF).. 
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(£) Unusu^ amino acid Fmoc -L-Abrine (N-methyltryptophan) is coupled to deprotected 
N-a-terminal amino acid Ornithine by reactive ester formation method of. 1- 
Hydroxybenzotriazole and Diisopropylcarbodiimide (I)IPCDI). 

(g) Deprotection of N-a-tenninal protecting Fmoc group of L-Abrine linked to dipeptidc 
Ornithine- Proline by 20% piperidine in dimethyl fonnamide (DMF). 

(h) Cleaving the peptidomimic L-Abrine-Omithine-Proline from the solid support by 
known methods depending upon the side chain proteaing groups of amino acids. 

(i) For amino acids with out Boc and Trt group, acetic acid: trifluoroacetic acid: 
dichlorometane are taken in ratio of 1:1:8, 10 to 20^ litre of ethyldiamine tetra acetate 
(EDT A) and a pinch of phenol are added in to the cleavage mixture. Reaction is carried 
out for 30 minutes. 

(ii) For Boc containing amino acids trifluoroacetic acid: dichlorometane are taken in ratio 
of 1 : 1 (v/v). 10 to 20|X litre of ethyldiamine tetra acetate (EDTA) and a pinch of phenol 
are added in to the cleavage miTcture. Reaction is carried out for 30 mintites. 

0) Cleaved product is purified in LH-20 column using methanol as mobile phase 

(k) Purified product is lyophilized. 

(1) Product is characterized by HPLC and LC-MS, 

Example 3 

Synthesis of ACE inhibitor 3- (3-thienyl)-L-alanine-Ornithine-Proliiie 

(a) 2-Chlorotrityl chloride resin (substitution 1.5 mM/gm) is taken as solid support and 
swelled in dichlorometane (DCM) 

(b) C-terminal of N-a-protected jRwoc-Pro-OH at is coupled by reactive ester formation 
method of l-Hydroxybenzotriazole and Diisopropylcarbodiimide (pjfiCTil) to the soUd 
support of 2-Chlorotrityl-chloride resin. 

(c) Deprotection of N-a-terminal protecting Fmoc group of the anchored imino acid 
Proline by 20% piperidine in dimethyl fonnamide (DMF). 

(d) C-terminal of N-a Fmoc protected Ornithine is activated and coupled by reactive ester 
formation method of l-Hydroxybenzotriazole and Diisopropylcarbodiimide (DBPCDI) on to 
the deprotected a-imino group of the anchored imino acid Proline. 

(e) Deprotection of N-a-terminal protecting Fmoc group of Ornithine linked to anchored 
imino acid Proline by 20% piperidine in dimethyl fonnamide (DMF). 
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if) Heterocyclic 3- (3-thieiiyl)-L^anine is coupled to deprotected N-a-tenninal amino 
acid Omithine by reactive ester formation method of 1-Hydroxybenzotriazole and 
Diisopropylcaibodiimide (DIPCDI). 

(g) Depiotection of N-a^terminal protecting Fmoc group of 3. (3-thienyl>L-alanine 
linked to dipeptide Omithine- Proline by 20% piperidine in dimethyl formamide (DMF), 

(h) Cleaving the peptidomimic 3- (3^tWenyl).L-aIanine-Ornithine-Proline from the solid 
support by known methods depending upon the side chain protecting groups of amino acids. 

(i) For amino acids with out Boc and Trt group, acetic acid: trifluojoacetic acid: 
dichlorometanc are taken in ratio of 1:1:8. 10 to 20jx Utre of ethyldiamine tetra acetate 
(EDTA) and a pinch of phenol are added in to the cleavage mixture. Reaction is carried 
out for 30 mimjtes. 

(n) For Boc containing amino acids trifhioroacetic acid: dichlorometane are taken in 
ratio of 1: 1 (v/v), 10 to 20^ litre of ethyldiamine tetra acetate (EDTA) and a pinch of 
. phenol are added m to the cleavage mixture. Reaction is carried out for 30 minutes. 

(i) Cleaved product is purified iii LH-20 cohimn using methanol as mobile phase 
Q) Purified product is lyophillzed. 

(k) Product is characterized by HPLC and LC-MS, 
Example 4 

Synthesis of ACE inhibitor 2«Cfaco-4>phenyl-3-oxazoUdine acetic acid-Lys-Trp 

(a) 2-Chlorotntyl chloride resin (substitution 1.5 mM/gm) is taken as solid support and 
swelled in dichlorometane (DCM) 

(b) C-tenninal of N-a-protected J5y«^c-Tip-OH at is coupled by reactive ester formation 
method of 1-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) to the solid 
support of 2-Chlorotrityl-chloride resin. 

(c) Deprotection of N-a-tenninal protecting Fmoc group of the anchored amino acid 
Tryptophan by 20% piperidine in dimethyl formamide (DMF). 

(d) C-terminal of N-a Fmoc protected Lysine is activated and coupled by reactive ester 
formation method of 1-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) on to 
the deprotected a-imino group of the anchored amino acid Tryptophan. 

(e) Deprotection of N-a-terminal protecting Fmoc group of Lysine linked to anchored 
imino acid Proline by 20% piperidine in dimethyl formamide (DMF). 
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(() Heterocyclic 2-Oxo-4-phe&yl-3-oxazoUdme acetic acid is coupled to depiotected N- 
a-tenninal amino acid Lysine by reactive ester formation method of l-Hydroxybenzotriazole 
and Diisopropylcarbodiimide (DIPCDI). 

(g) Deprotection of N-a-teraiinal protecting Fmoc group of 2-Oxo-4-phenyl-3- 
oxazolidine acetic acid linked to dipeptide Lysine-Trytophan by 20% piperidine in dimethyl 
formamide (DMF)* 

(h) Cleaving the peptidomimic 2-Ox;o-4-phenyl-3-oxazolidine acetic acid-Lys-Trp from the 
solid support by known methods depending upon the side chain protecting groups of amino 
acids. 

(i) For amino acids with out Boc and Trt group, acetic acid: trifluoroacetic acid: 
dichlorometane are taken in ratio of 1:1:8. 10 to 20p. litre of ethyldiamine tetra acetate 
(EDTA) and a pinch of phenol are added in to the cleavage mixture. Reaction is carried 
out fi)r 30 minutes, 

(ii) For Boc containing amino acids trifluoroacetic acid: dichlorometane are taken in ratio 
of 1: 1 (v/v). 10 to 20fi litre of ethyldiamine tetra acetate (EDTA) and a pinch of phenol 
are added in to the cleavage mixture. Reaction is carried out for 30 minutes. 

(i) Cleaved product is purified in LH-20 column using methanol as mobile phase 
(j) Purified product is lyophilized, 

(k) Product is characterized by HPLC and LC-MS. 
Example 5 

Synthesis of ACE inhibitor S-Hydroxytryptophan-Ornithine-Tryptophan 

(a) 2-Chlorotrityl chloride resin (substitution 1.5 mM/gm) is taken as solid support, and 
swelled in dichlorometane (DCM) 

(b) C-terminal of N-a-protected Fmoc-Tip-OH at is coupled by reactive ester formation 
method of l-Hydroxybenrotriazole and Diisopropylcarbodiimide (DIPCDI) to the solid 
support of 2-Chlorotrityl-chloride resin. 

(c) Deprotection of N-a-terminal protecting Fmoc group of the anchored amino acid 
Tryptophan by 20% piperidine in dimethyl formamide (DMF)- 

(d) C-tenninal of N-a Fmoc protected Ornithine is activated and coupled by reactive ester 
formation method of l-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) on to 
the deprotected a-amino group of the anchored amino acid Tryptophan. 

(e) Deprotection of N-ot-terminal protecting Fmoc group of Ornithine linked to anchored 
amino add Tryptophan by 20% piperidine in dimethyl formamide (DMF). 
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(£) Unusual amino acid Fmoc 5-Hydroxytryptophan is CQupled to depxotected N-a- 
tmninal amino acid Qmithine by reactive ester formation method of 1-Hydroxybenzotriazole 
and Diisopropylcarbodiimide ODIPCDI). 

(g) Depiotection of N-ot-terminai protecting Fmoc group of 5-Hydroxytryptophan linked 
to dipeptide Ornithine- Tryptophan by 20% piperidine m dimethyl formamide (DMF). 

(h) Cleaviog the peptidomimic 5-Hydroxytryptophan-Ornithine-Tryptophan from the 
solid support by known methods depending upon the side chain protecting groups of amino 
acids. 

(i) For amino acids with out Boc ajotd Trt group, acetic acid: trifhioroacetic acid: 
dichlorometane are taken in ratio of 1:1:8. 10 to 20ji litre of ethyldiamine tetra acetate 
(EDTA). and a pinch of phenol are added in to tlie cleavage mixture. Reaction is carried 
out for 30 minutes. 

(ii) For Boc containing amino acids trifluoroacetic acid: dichlorometane are taken in ratio 
of 1: 1 (v/v). 10 to 20^4 litre of ethyldiamine tetra acetate (EDTA) and a pinch of phenol 
are added in to the cleavage mixture. Reaction is carried out for 30 mmutes. 

(i) Cleaved product is purified in LH-20 column using methanol as mobile phase 
(j) Purified product is lyophilized. 

(k) Product is characterized by HPLC and LC-MS . 
Example 6 

Synthesis of ACE Inhibitor Benzlmidazoleacetlc acid -Cydohe^ialanine-Tryptophan 

(a) 2-Chlorotxityl chloride resin (substitution 1.5 mM/gm) is taken as solid support and 
swelled in dichlorometane (DCM) 

(b) C-terminal of N-a-protected Fmpc-Trp-OH at is coupled by reactive ester formation 
method of 1-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) to the solid 
support of 2-Chlorotrityl-chloride resin. 

(c) Deprotection of N-a-terminal protecting Fmoc group of the anchored anouuao acid 
Tryptophan by 20% piperidine in dimethyl formamide (DMF). 

(d) C-terminal of N-a Fmoc protected Cyclohexylalanine is activated and coupled by 
reactive ester formation method of l-Hydro7Qrbenzotriazole and Diisopropylcarbodiimide 
(DIPCDI) on to the deprotected a-amino group of the anchored amino acid Tryptophan, 

(e) Deprotection of N-a-terminal protecting Fmoc group of Cyclohexylalanine linked to 
anchored amino acid Tryptophan by 20% piperidine in dimethyl formamide (DMF). 
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(0 Heterocyclic Benzimidazoleacetic acid is coupled to deprotected N-a-terminal amino 
acid Cyclohexylalanine by reactive ester formation method of l-Hydroxybenzotriazole and 
Diisopropylcarbodiimide (DIPCDI). 

(g) Cleaving the peptidomimic Benzimidazoleacetic acid-Cyclohexylalanine-Tryptophan 
fifom the solid support by known m^ods depending upon the side chain protecting groups of 
amino acids. 

(i) For amino acids with out Hoc and Trt group, acetic add: trifluoroacetic acid: 
dichlorometane are taken in ratio of 1:1:8. 10 to 20|a litre of c^yldiamine tetra acetate 
^DTA) and a pinch of phenol are added in to the cleavage mixture. Reaction is carried 
out for 30 mumtes. 

(ii) For Hoc containing amino acids triOuoroacetic acid: dichlorometane are taken in 
ratio of 1 : 1 (v/v). 10 to 20ji litre of ethyldiamine tetra acetate (EDTA) and a pinch of 
phenol are added in to the cleavage mi?cture. Reaction is carried out for 30 minutes, 

(h) Cleaved product is purified in LH-20 column using methanol as mobile phase 

(i) Purified product is lyophilized. 

(j) Product is characterized by HPLC and LC-MS. 
Eumple 7 

Synthesis of ACE inhibitor I^Abrine^Isoleudne-Fhenylalanine 

(a) 2-Chlorotrityl chloride resin (substitution LS mM/gm) is taken as solid support and 
swelled in dichlorometane (DCM) 

(b) C-terminal of N-a-protected /woc-Phe-OH at is coupled by reactive ester formation 
method of 1-Hydroxybenzotiiazole and Diisopropylcaibodiimide (DIPCDI) to the solid 
support of 2-Cblorotrityl-chloride resin. 

(c) Deprotection of N-a-tenninal protecting Fmoc group of the anchored amino acid 
Phenylalanine by 20% piperidine in dimethyl formamide (DMF). 

(d) C-terminal of N-ct Fmoc protected Isoleucine is activated and coupled by reactive ester 
formation method of l-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) on to 
the deprotected a-amino group of the anchored amino acid PhenylalanineJ 

(e) Deprotection of N-a-terminal protecting Fmoc group of Isoleucine I linked to anchoied 
amino acid Phenylalanine by 20% piperidine in dimethyl formamide (DMiF). 

(0 Unusual amino acid F/w<?c^L-Abrine (N-methyltrytophan) is coupled to deprotected N-a- 
terminal amino acid Isoleucine by reactive ester formation method of 1- 
Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI). 
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(g) Deprotection of N^t-temimal protecting Fmoc group of L-Abrine linked to dipeptide 
Isoleucine-Phenylalanine by 20% piperidine in dimethyl formamide (DMF). 

(h) Cleaving the peptidomimic L-Abrine-Isoleucine-Phenylalanine from the solid support by 
knov^ methods depending upon the side chain protecting groups of amino acids. 

(i) For amino acids with out Boc and Trt group, acetic acid: trifluoioacetic acid: 
dichlorometane are taken in ratio of 1:1:8. 10 to 2Q\i litre of ethyldiamine tetra acetate 
(EDTA) and a pinch of phenol are added in to the cleavage mixture. Reaction is carried 
out for 30 minutes. 

(ii) For Boc containing amino acids trifluoroacetic acid: dichlorometane are taken in ratio 
of 1: 1 (v/v). 10 to 20m. litre of ethyldiamine tetra acetate (EDTA) and a pinch of phenol 
are added in to the cleavage mixture. Reaction is carried out for 30 minutes. 

(i) Cleaved product is purified in LH-20 cohimn using methanol as mobile phase 
(j) Purified product is lyophilized. 

(k) Product is characterized by HPLC and LC-MS, 
Example 8 

Synthesis of ACE inhibitor l,2,3,4-tetrahydroisoquinoUne-3-carboxylic acid-Pr<HPro 

(a) 2-Chlorotrityl chloride resin (substitution 1.5 mM/gm) is taken as solid support and 
swelled in dichlorometane (DCM) 

(b) C-terminal of N-a-protected Fwoc-Pro-OH at is coupled by reactive ester formation 
method of l-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) to the solid 
support of 2-Chlorotrityl-chloride resin. 

(c) Deprotection of N-a-terminal protecting Fmoc group of the anchored imino acid Proline 
by 20% piperidine in dimethyl formamide (DMF). 

(d) C-terminal of N-a Fmoc protected Pro is activated and coupled by reactive est^r 
formation method of l-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) on to 
the deprotected a-imino group of the anchored amino acid Pro. 

(e) D^rotection of N-a-tenninal protecting Fmoc group of Proline linked to anchored imino 
acid Proline by 20% piperidine in dimethyl formamide (DMF). 

(f) Unusual amino acid l,2,3,4-tetrahydroisoquinoli0e-3-caiboxylic acid is coupled to 
deprotected N-a-terminal I imino acid Proline by reactive ester formation method of 1- 
Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI). 
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(g) Dq)fotection of N-a-termmal protectmg Fmoc group of 1,2,3.4- 
tetrahydroisoquinoline-S-cafboxylic acid linked to dipeptide Pro-Pro by 20% piperidine in 
dimethyl fbrmatnide (DMF). 

(h) Cleaving the peptidomitnio l,2,3,4-tetrahydroisoquinoline-3-carboxylic acid-Pro-Pro 
from the solid support by known methods depending upon the side chain protecting groups of 
amino acids. 

(i) For amino acids with out Boo and Tit group, acetic acid: trifluoroacetic acid: 
dichlorometane are taken in ratio of 1 : 1:8. 10 to 20\jl litre of ethyldiamine tetra acetate 
(EDTA) and a pinch of phenol are added in to the cleavage mixture. Reaction is carried 
out for 30 minutes. 

(ii) For Boc containing amino acids trifluoroacetic acid: dichlorometane are taken in 
ratio of 1; 1 (v/v), 10 to 20^ litre of ethyldiamine tetra acetate (EDTA) and a pinch of 
phenol are added in to the cleavage mixture. Reaction is carried out for 30 minutes. 

(i) Cleaved product is purified in LH-20 colunm using methanol as mobile phase 
Q) Purified product is lyophilized. 

(k) Product is characterized by HPLC and LC*MS. 
Example 9 

Synthesis of ACE inhibitor 3-(2-furyl>L-Alaaine-P-Alanine-Pro 

(a) 2-Chlorotrityl chloride resin (substitution 1.5 mM/gm) is taken as soUd support and 
swelled in dichlorometane (DCM) 

(b) C-terminal of N-a-protected Fwi£)c-Pro-OH at is coupled by reactive ester formation 
method of l-Hydroxybenzotriazole and Diisopropylcarbodiimide (pIPCDI) to the solid 
support of 2-Chlorotrityl-chloride resin. 

(c) Deprotection of N-a-terminal protecting Fmoc group of the anchored imino acid Proline 
by 20% piperidine in dimethyl formamide (DMF). 

(d) C-terminal of N-a Fmoc protected p-Alanine is activated and coupled by reactive ester 
formation method of l-Hydroxybenzotriazole and Diisopropylcarbodiimide (DIPCDI) on 
to the deproteaed a-imino group of the wchored axiuno acid Pro, 

(e) DeprotectioD of N-a-tenninal protecting Fmoc group of 3-Alanine linked to anchored 
imino acid Proline by 20% piperidine in dimethyl formamide (DMF). 

(f) Heterocyclic 3-(2-furyl)-L-Alanine is coupled to deprotected N-a-terminal p-Alanine by 
reactive ester formation method of l^Hydroxybenzotriazole and Diisopropylcarbodiimide 
(DIPCDI). 
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(g) Deprotecdoa of N-a-tensuBal protecting Fmoc group of 3-(2-furyl>.L-Alaniae linked to 
dipeptide ^-AlaniI^e-Pro by 20% piperidine in dimethyl fonnajnide (DMF). 

(h) Cleaving the peptidonoumic 3-(2-furyl>L-Alanine-p-Alanme'Pro from the solid support 
by known methods depending upon the side chain protecting groups of amino acids. 

(i) For amino acids with out Boc and Trt group, acetic acid: trifluoroacetic acid: 
dichlorometane are taken in ratio of 1:1:8. 10 to 20\i litre of ethyldiamine tetra acetate 
(EDTA) and a pinch of phenol are added in to the cleavage mixture. Reaction is cairied 
out for 30 minutes. 

(ii) For Boc containing amino acids trifluoroacetic acid: dichlorometane are taken in ratio 
of 1: 1 (v/v). 10 to 20h litre of ethyldiamine tetra acetate (EDTA) and a pinch of phenol 
are added in to the cleavage mixture. Reaction is carried out for 30 minutes. 

(i) Cleaved product is purified in LH-20 column using methanol as mobile phase 
(j) Purified product is lyophilized. 

(k) Product is characterized by HPLC and LC-MS. 
Example 10 

On the basis of the results of example 2-9 and according to same procedure as in 
example 2-9 all the peptidomimics, mentioned above, having general formula X-CXl-NH- 
AA1-CONH-AA2 wherein X is a heterocyclic or unusual amino acid, XI is O or and AAI 
and AA2 are amino acids, are synthesized by using combinatorial chemistry. 
Example 11 

In-vitro Evaluation of ACE Inhibition of Synthesized Peptidoininiics 

The peptidomimic compound L-Abrine-Omithine-Proline was evaluated for its ACE 
inhibition potency by determining the ACE activity assay using spectrophotometric method. 
In this assay ACE acts upon synthetic substrate Hip-His-Leu. The following assay 
conq)onents in a final volume of 0.25 ml are incubated for 20 minutes at 3TC\ 100 mM 
potassium phosphate buffer, pH 8.3, 5 mM Hip-His-Leu, 300 mM NaCl and angiotensin 
converting enzyme (12 miliunits/ml of assay vohime). The rate of hydrolysis of Hip-His-Leu 
is determined by measuring the absorbajace of hippuric acid after extracting into ethyl acetate, 
evaporation of solvent at MO^'C and redissolution into water. Extracted hippuric acid is then 
measured by reading absoibance at 228 nm.. L-Abrine -Ornithine -Prohne and 3- (3- 
thienyl)-L-alamne-Ornithine-Proline were evaluated for their ACE inhibition efficacy by this 
assay. 3- (S-thienyO-L-alanine-Omithine-Proline showed its IC5oto be 2 n mole. The IC50 of 
L-Abrine -Ornithine -Proline was found to be 10 \i mole. Inhibition kinetics of L-Abrine - 
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Ornithine -Proline is illustrated in fig.4 . The control e?qperiment contained no peptidomimic 
ACE inhibitor. 
Example 12 

Development of Animal Model for Hypertension 

Female wistar rats with an initial body weight of 225-250 gm w^ xiscd in this 
e?q>eriment. Three groups of animals were made: Group I (n=3) of control animals; Group n 
(n=3) of animals for refwence mhibitor captopril and Group m (n=5) of animal for 
synthesized ACE inhibitors Measurement of body weight and tail systolic blood presssure 
were made in unanesthetsized animals. 

A long acting suspension of 20 mg/kg methylprednisolone (Depo-Medrol, Pharmacia) 
was administered subcutaneously per wedk for two weeks in animals of group II and HI. 
Group I of control animals received only vehicle polyethylene glycol (PEG). All animals had 
free access to tap wato*, were placed on regular rat chow and had their tail systolic pressure 
measured every week for two wedu. Aft^ two weeks of treatment, all the animal s became 
significantly hypertensive (filg.5). 
Example 13 

/n-Ww Administration of Synthesized Pq^tidomimics as ACE Inhibitor 

(a) Surgical ProcedMire 

The rats were anaesthetized by intr^eritoneal administration of urethane (1 gm/kg). 
The trachea was cannulated with polyethylene tube. Polyethylene cannulas were also placed 
into the rat femoral artery and vein. The arterial catheter was used for recording of blood 
pressure and the venous catheter was used for the administration of drugs/peptldes. After 
surgery, animals were allowed 30 min for stabilization before starting the experiment. 

(b) Physiological Measurement 

Arterial blood pressure was measured with a pressure transducer (WPI-model BPLR) 
with a strain gauge/bridge amplifier (WPI-model TBM4) connected to four channel digital 
oscillograph Tektronix (Model TDS 420A). Permanent records wore obtained by storing and 
copying on a floppy disk from the oscillograph. From the arterial blood pressure waveform, 
mean arteiial pressure and diastolic blood pressure were measured. 

(c) Ihrug Adndmstradon 

Varying amounts of L-Abrine-Omithine-Proline (S mg/kg, 8 mg/kg and 10 mg/kg) 
were dissolved in nonnal saline. Peptidomimics was injected i.v. in constant volume of 0.2 
ml over a period of 10 seconds and the venous catheter was flushed with an additional 0.3 ml 
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of saline. Readings of mean arterial pressure (MAP) were made after each 10 minutes till 
blood pressure returned to base line. 
Example 14 

Hypotensive Effect of Synthesized Peptidomimics as ACE Inhibitor 

At 5mg/kg L-Abrine-Qmithine-Proline showed its hypotensive cfifect which caused a 
fall of around 15 mm Hg (fig,6). Hypotensive effect started after almost five minutes and 
blood pressure returned to baseline within 30 minutes. A dose of 8 mg/kg of L-Abrine- 
Ornithine-Proline began to show its hypotcmsivc effect five minute aftcar its administration. At 
this dose, blood pressure decKned upto 46 mm Hg. It nearly took 160 minutes for blood 
pressure to retum to baseline; The highest dose used was 10 mg/kg. It showed strong 
hypotensive effect. The onset of hypotensive effect was again after five minutes of 
admhustration. A fall in blood pressure of almost 50 mmUg was reached within 70 minutes 
and blood pressure did not retum to baseline even after 180 minutes 

Reference inhibitor captopril was used at dose of 1 mg/kg. This dose of captopiil 
caused fall of 60 mm Hg and was quite effective in blocking angiotensin-conv^ting enzyme 
even after 180 minutes and blood pressure returned to baseline after 240 minutes (not 
shown). 

Advantages of the present invention; 

The present invention adds following advantages to the ACE inhibiting 
antihypertensive molecule as 

(a) It provides a process for the preparation of novel antihypertensive molecule. 

(b) It provides a process for the synthesis of peptidomimics that can act as ACE inhibitors. 

(c) It provides a process to synthesize ACE inhibitors that have better bioavailability in 
comparison to available inhibitors. 

(d) It provides a process to synthesi2se ACE inhibitors that can strongly ligate the Zn present 
in the active site in such a way that it can not compete with and carry out the hydrolysis of 
substrate. 

(e) It provides a process to make ACE inhibitors having nonpeptide moiety or unusual amino 
acids (pharmacophoric group) that can make a nonpq>tide bond resistant agamst proteolysis. 

(f) It provides a process to make ACE inhibitors that can show selective inhibition of the two 
active sites i.e. N-domain & C-domain active site of the ACE. 

(g) It provides a process to make Focussed Library of peptidomimics by using Combinatorial 
Chemistry. 
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